A nonuniform sheet of ions ge ne rated at time t = 0 diffuses in a cylindri cal ion d iffu sion tube containing a nonreac tin g ne utral species Rowin g with parabolic velocity di s tribution. Calc ul ation of th e on·axis ion density at a point z down stream as a fun ction of time t is redu ced to a single num e ri cal inte· gration for eac h (z, t ) involvin g so me fun ctions whi ch have bee n co mputed once for all. An exampl e is give n showing th e effec t of th e velocity di stributi on co mpared with a uniform fl ow with th e sa me flow ra t e. T he res ults appear to be co rroborated by expe rim e nt.
Introduction
The analysis prese nted here is c urre ntly bein g used to predict the be havior of a diffu sing ion sh eet in a flow tube . In the experiment [5] ,1 an inert buffer gas, us ually helium, is inj ected into a long fl ow tube about 8 cm in diameter. Di s tances along the tube are measured from a point z=O downstream at which the fl ow has become essentially laminar, with a mean velocity of 8(10)3 cml s and a pressure of 0.4 torr. A thin sheet of ions is generated at z = 0 at time t = 0 by a pulsed beam of electron s incident perpendic ular to th e axis of th e tube. The pulse width is variable, but 100 J-LS mi ght be considered c haracteristic. Th e relatively hi gh press ure in the tube insures that th e ions c reated will b e th e rmalize d at gas te mpe rature in a few cen tim eters. The ion s hee t is carried downstream by th e flowin g gas with a pulse shape de termined by diffu s ion and the nonuniform veloci ty profile.
The sampling port of a mass spectrome ter is located on the axis at a variable distance z downstream from the electron gun, where z is of th e order of 100 cm. The detector is gated with a gate width of 100 J-LS. Thu s the ion arrival s pectrum as a function of delay time between th e termination of the excitation pulse and th e initiation of the de tection pulse is measured. Using experi me ntally measured values for the diffusion coefficient D, the computed arrival spectrum agrees well with the actual me asured spectrum , indicating no serious errors are present in the formulation and solution of the trans port equation.
Letting (r, 8) be coordinates in the cross section of the tube, the problem is to determine the time-dependent ion den sity G(r, 8, z, t) on the axis (r=O) at a give n di stan ce z downstream from the point at whic h th e ions were gen erated as a thin s hee t with given (r, 8)-dependence. The backgrou nd fl ow is ass ume d to be laminar and steady, with a parabolic velocity distributi on, containin g perhaps a ne utral reactant species of uniform density F everywhere. With a reacti on rate K , G obeys the differe ntial equation: where £' is the Laplacian in cylindrical coordinates. Here vCr) is the parabolic velocity distribution: v(r)=2V(1-(~)). (2) wher e V is the mean velocity and a is the tube radius. At the wall of the tube, the ion density is ass umed to be negligible:
W e shall take for the given initial ion density distribution:
G(r, e, z, 0) = Per, e)8(z). (4) We notice that if KF = 0, the resulting solution Go(r, e, z, t) gives the general solution G for KF ,t-0 as follows:
so that we may take KF = ° in (1) without loss of generality.
Solution by Integral Transform
We shall expand G by Laplace transform in t, Fourier transform in z, and an azimuthal expansion in e. 
We introduce the variables (9) where
We obtain the inhomogeneous confluent hypergeometric equation [Ia] where As must be expected, only the lowest azimuthal modes, n = 0, contribute to the axial value r = 0 of the ion density. The solution satisfying smoothness at YJ = 0 and vanishing at YJ = ya 2 is ,
where On r=O,
If we write and for the inverse Laplace transform, (17) gives
We put 
give by the residue theorem
The last factor in flll(b, 7) comes from integration with respect to z using the power series for
It is important to note that when we let b --,> ° in the above expression, we find using the limiting forms for cf> in terms of Io
a .a --,> 00
This also gives the location of zeroes for small b:
where JO(~III) = 0, 
Numerical Integration
It is convenient to write Treating U as a parameter, the complex zero curve for each m, where The remaining functions necessary to compute f(b, T) are found from th~ following: and the numerical integration in (32) is carried out by Gaussian quadrature on the unit intervals of u.
From the discussion following (24), the distribution for uniform velocity profile v (r) == 2V is Figure 1 shows Bm(u), the zero-curve, for m= 1,2. Computation of the zero-curve for each m took three minutes, while th e curves in figure 1 took two minutes each on the CDC 3600 with complex arithmetic hardware. A 50-point Gaussian integration was used throughout [4] . Fortran programs are available from the author.
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.. With regard to the second term, let us put
and assume that this factor does not contribute to £>-1. (Its contributions are putting x = e-bT , we obtain the equivalence of the expressions (AI) and (A6).
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